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1. INTRODUCTION 


This calibration handbook presents the basic data on the calibration of 
the MSS-D Flight Model (F-1) . It provides both the relevant data and a sum- 
mary description of how the data were obtained for the system radiometric 
calibration, system relative spectral response, and the filter response char- 
acteristics for all 24 channels of the four band MSS-D F-1 scanner. 

System radiometric calibration discussed in Sections 2 and 3 Involves the 
calibration test procedure and resulting test data required to establish the 
reference light levels of the MSS-D Internal calibration system. This calibra- 
tion test was performed several times during the course of MSS-D system test 
and evaluation. The history of these tests and the resulting data are given 
in Section 4. Section 5 then provides the final set of data ("nominal" cali- 
bration wedges for all 24 channels) for the internal calibration system. 

The system relative spectral response measurements for all 24 channels of 
MSS-D F-1 are given in Section 6. These data are the spectral response of the 
complete scanner, which are the composite of the spectral responses of the scan 
mirror primary and secondary telescope mirrors, fiber optics, optical filters, 
and detectors. 

Section 7; provides unit level test data on the measurements of the indi- 
vidual channel optical transmission filters. Measur^ performance is compared 
to specification values. 

The detailed procedures and extensive additional supporting data are being 
provided separately. Further discussions of system test performance evalua- 
tion will be provided in the MSS-D Final Report. 
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2. INTEGRATING SPHERE CALIBRATION 


The GSFC 30 Inch Integrating sphere is the primary standard for the 
radiometric calibration of the MSS-D. The objective of the MSS-D radiometric 
calibration using this sphere is to establish the reference light levels of 
the MSS-D internal calibration system (called cal wedge nominals) for all of 
the channels in the four bands. 

This calibrated scanner is used as a transfer standard to calibrate the 
teat collimator for corrected signal level and signal-to-nolse ratio per- 
formance estli^itlon during system acceptance testing. 

The calibration of the Integrating sphere utilizing the Kepco power supply 
was accomplished at GSFC by means of a grating spectroradiometer to compare the 
output from the sphere with that of a standard of spectral irradiance (Refer- 
ence HS 248-6527/. The results of that calibration, performed in October 1980, 
are presented in Table 1-2-1. The table lists the spectral radiant emittance, 
Wj^ (in mW per cm^ per jim), for the 30 inch spherical Integrator as a function 
of wavelength X (in pm). Table 1-2-2 gives the ratio of the sphere's radiant 
emittance when operated with "N" lamps, W)^(N) to that measuxjement when operated 
with 12 lamps, W^(12). Since only one table was provided by GSFC for all bands, 
it is assumed that this ratio is Independent of wavelength. 

This is the basic information together with the integrating sphere data log 
listing operating currents provided to Hughes Aircraft Company for subsequent 
calibration of the MSS-D scanner. 

In order to express these data in a form more useful for MSS-D system 
calibration and testing, the spectral radiant emittance, W\^, must be converted 
to radiance, N. To do so requires two assumptions: 

1} The sphere aperture is a Lambertian source; l.e., its radiant 

Intensity varies as the cosine of the angle from the normal to the 
aperture. 

2) The value of the radiant spectral emittance, given is the total 
power per unit area per unit wavelength interval radiated into the 
forward hemisphere as is conventional. 
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TABLE 1-2-1. 30 INCH SPHERICAL 
INTEGRATOR SPECTRAL RADIANT 
EMITTANCE (X IN MICROMETERS; 
Wx, IN MILLIWATTS CM-V’) 


X 

Wx 

X 

Wx 

0.40 

5.23 

1.2 

119.8 

0.45 

15.64 

1.3 

107.4 

0.50 - 

31.41 

1.4 

79.47 

0.55 

51.45 

1.5 

69.87 

0.60 

72.31 

1.6 

62.46 

0.65 

90.85 

1.7 

53.25 

0.70 

108.7 

1.8 

42.71 

0.75 

122.8 

1.9 

28.80 

0.80 

1^.5 

2.0 

24.27 

0.85 

136.7 



0.90 

142.2 



0.95 

140.0 



1.0 

139.5 



1.05 

136.3 



1.1 

133.8 




TABLE 1-2-2. N LAMP TO 12 LAMP 
RATIO OF INTENSITY IN 
SPHERICAL INTEGRATOR 


Number of Lames 


12 

1.000 

11 

0.912 

10 

0.827 

9 

0.734 

8 

0.651 

7 

0.566 

6 

0.487 

5 

0.406 

4 

0.330 

3 

0.251 

2 

0.171 

1 

0.0939 


Then for the case. of a Lambertian radiator the spectral radiance Is 
related to the radiant spectral emittance by the following: 


Wx - TTNx 

Note that even though the total power is radiated into the forward hemisphere, 
or 2ir steradlans, the relationship is as given and 2rNx.» 

Therefore, 


N - i TwxdX 

spectral 

band 


The radiance of each spectral band is obtained by summing the radiant spectral 
emittance over the respective wavelength interval. The data provided in 
Table 1-2-1 is plotted in Figure 1-2-1. In this figure che plotted points have 
been connected by straight line segments. The integration was performed by 
merely summing the area bounded by these line segments. From the figure it 
would appear that any error involved in not fitting a smoothly varying function 
through the points should be quite small. 
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TABLE 1-2-3. RELATIONSHIP OF NUMBER OF LAMPS TOS*HERE RADIANCE 
RADIANCE N OF 30 INCH INTEGRATINO SPHERE FWMSS-O 


Bright 
Sctnt 

Radiartca* Radianca* 

t6 378 

2.48 


*2 -t 

*Radianca ir» mW cm jter 


NSandlS 


I Laval 



Radianca* 


13.126 

12.017 

10.®7 

9.671 

8.578 

7.458 

6.417 

5.349 

4.348 

3.307 

2.253 

1.237 


N BatKi 4 


Volts 


11.457 



Ni 


N 

Radianes* 

Voitt 

Radianca* 

Volti 

1.76 

40 

4.60 

4.0 


Band '.Vavalangths • 16376 p 3.1. 1.1 
Band 1 (0.5 to0.6fiMI 
Band 2 (0.6 (o 0.7 m.VI) 

Band 3 (0.7 to 08 vM) 

Band 4 (0.8 to 1 .1 pM) 


October IBBO Calibration 
Relerenta. HS 248-6527 


Using these computed values for the radiance, Irffissnslty levels for the 
various lamp ratios from Table 1-2-2, and the specif Icaition values for the 
maximum bright scene radiance, voltage range (0 to A 'SteEts) and quantization 
(0 to 63 QL intervals) (*SBRC 16376 - para 3.1.1.13 aa£ para 3-1*1. 7.1), 

Table 1-2-3 was generated. This table is the fundameanral table used in the 
MSS-D scanner radiometric calibration discussed in the next section* 

Radiance values for all bands were scaled by the same factors to take 
into account the number of lamps being used out of a ®n>ttal of 12. Note that, 
in general, one might expect to need a different set fliff ratios for each band. 

(Quantization levels were calculated either by muEtiplying the analog 
signal by 16 and deleting digits to the right of the decimal or by rounding 
to 63 (binary 111111). In each case the smaller of two values obtained 
in this way was entered in the table. 


*SBRC 16376; Development Specification for >lultispecitiRg3. Scanner Unit. 
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3. MSS-D SYSTEM RADIOMETRIC CALIBRATION 

I 


i 

The Integri^tlng sphere used for the MSS-D F-1 radiometric calibration was 
the sphere! formerly used with the Costal Zone Color Scanner (CZCS) , and util- 
ized a Kepdo (dc) power supply. This supply Is voltage regulated rather than 
current regulated as was the EGG (ac) power supply used with the MSS-D proto- 
flight. Since lamp current stability Is essential for stable radiance output, 
a procedure was developed to ensure careful, regular monitoring of lamp cur- 
rents during radiometric calibration. 

The MSS-D System Radiometric Calibration Test Procedure (3617000-623 
Rev A, SCN |No. 1, July 1981)* provides a detailed description of the operations 
required to collect the data necessary for Internal calibration system evalua- 
tion. The| specific objective of these tests are to collect and process data 
to determine the following: 

1) I^eference calibration wedge characteristics of the MSS-D scanner for 
both the low and high gain modes. 

2) S^tablllty of these nominal wedges throughout the course of testing, to 
ensure the suitability of the internal cai-'bration system as a refer- 
ence source for gain and offset estlmatic.. for picture correction. 

I 

These! tests (calibrations using the Integrating sphere) were conducted at 
key points^ during the ^S-D system test pr ram to detect any potential cali- 
bration changes due toj environmental exposure. 

{ 

I 

I 

3.1 RADIQMETRIC CALIBRATION TEST CONFIGURATION 

' I 

t 

The tests were performed with the MSS-D scanner Installed on the scanner 
alignment fixture (angle plate) as illustrated in Figure 1-3-1. The Integrat- 
ing sphere was positioned approximately 8 feet from the scanner and the optical 
axis of the scanner aligned with the center of the sphere exit port, or aper- 
ture, as {escribed In the Integration Sphere (Kepco) Operation and Alignment 
Procedure (SBRC 17008^. During the integrating sphere tests, the field-of- 
vlew of tfie scanner was protected from stray light with an opaque plastic 

I 

j 

*SCN No. to Rev. A, [written 22 July 1981, incorporates the procedure for use 
of the Integrating sphere with the Kepco power supply. 

t 

t 

i 

} 
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FIGURE 1-3-1. RADIOMETRIC CALIBRATION TEST SETUP 
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tunnel, as Illustrated. To reduce ambient light Interference In the area of 
the scanner as many room lights as feasible were turned off. 

Each MSS system radiometric calibration test was conducted In three 
parts; 

1) Alignment Check: during this operation the optical alignment of 

the integrating sphere with , aspect to the scanner was checked. Mo 
radiometric test data was taken. 

2) Conditioning Orbit: this orbit was used to condition the FMTs at 

a fixed radiance level. The only test data taken during this orbit 
was a tape recording of the entire orbit for possible engineering 
study of PMT characteristics. 

3) Data Collection Orbits: these are standard orbits to collect data 

that Is subsequently used to determine reference gains, offsets, 
and calibration wedge characteristics for both low and^ high gain 
modes. 


3.2 RADIOMETRIC CALIBRATION DATA REDUCTION 

Test procedure 3617000--623 Rev. A, SCN No. 1, describes the test setup 
and the steps required to obtain the necessary raw calibration data. These 
data are reduced by the data reduction system (DRS) in a three step process 
ouu_lned below (Reference H5248-0953, -0939, -0975). 

As described earlier, during a radiometric caJibratlon the Integrating 
sphere is set up so that it may be viewed by the scanner. The Input data con- 
sists of observations of the scanner response to the Integrating sphere oper- 
ating at a particular (calibrated) radiance, and the near simultaneous 
response of the scanner to its own Internal r.alibration system. These observa- 
tions are repeated using a variety of Integrating sphere radiances. The basic 
approach of the transfer of calibration procedure Is to use the scanner 
response to the Integrating sphere (over all integrating sphere radiances for 
which data were collected) to determine the scanner gain and offset, which are 
then In turn used to calculate radiances equivalent to the observed response 
of the scanner to its Internal calibration system. This is complicated by 
the fact that the scanner gain and offset are allowed to vary, or drift, from 
one observation of the Integrating sphere to the next. 

When the scanner gain and offset are allowed to drift, it is not possible 
to obtain an analytic expression for the gain and offset, and thus also for 
the Internal calibration radiances. This occurs because for each particular 
gain and offset combination there Is only a single Integration sphere radiance 
from which they may be derived. The internal calibration radiances which result 
from the analysis do not drift In time, however, and this fact can be used to 
devise an iterative solution to the problem which does converge to the correct 
internal calibration system radiances (as well as the correct scanner gain and 
offset at each integrating sphere radiance) . 
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The procedure Is initialized by estimating the scanner gains and offsets 
based on the assumption that they d',* not drift. These are then used to esti- 
mate the Internal calibration radiances. A test is then made for convergence 
using the irms deviation' of the observed scanner signal levels from those pre- 
dicted using the currerit estimates of the scanner gain and offset, the internal 
calibration radiances, and also the rms deviation between the present and 
previous estimates of scanner gain and offset and internal calibration radi- 
ances. If! the convergence criteria are not satisfied, Chen the next iteration 
is begun b^ using the current estimate of the Internal calibration radiahces 
to produce! new estimates of the scanner gain and offset at each observation of 
the integrating sphere (using both internal and external calibration data). 

The internal calibration radxances are then re-estimated using these revised 
scanner gains and offsets, and Che test for convergence is repeated. This 
process continues until either it converges or a maximum number of iterations 
is exceeded . [ 

The aLove procedure results in: 

1 . * 

120 " (6 channels) (20 internal calibration words/channel) 

j 

distinct (l.e., independent) radiances for each of the four scanner bands. 

3.3 RADICjMETRIC CALIBRATION DATA COLLECTION 

Data jcollection for radiometric calibration of the MSS-D involves precise 
location of the leading edge of the calibration wedges and the collection of 
signal amijilitude values at 20 words located accurately with respect to that 
leading e4ge. Moreover, this must be done repeatably in order to compare 
radiance values at each of the wedge words in the course of subsequent 
calibrations. | 

The !itep-by-step iprocedures used are described below. 

i 

1) Finding the icallbration wedge. The forward edge threshold (FETH) 
subroutine has to locate the calibration wedge for the data collec- 
tion (DACOL) subroutine. It assumes the wedge is located within the 
interval of ^4300 to 4500 words after scan monitor pulse 1 (SMPl). 

The FETH subroutine collects this block of data for the first channel 
in the datajset. This interval corresponds to 43 to 45 ms after 
SMPl. If t^e leading edge of the cal wedge is not within this 
interval, data collection cannot continue. 

t 

2) Narrowing the collection window. The DRS does not have the capacity 
to collect 200 words of leading edge data for' all channels. For this 
reason, FETH examines the 200 words of data on the first channel, 
and selects! a 40 word window to collect for all channels. The win- 
dow is positioned so that the first word of the cal wedge which has 
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a signal level value in quantum levels QL equal to 28 c. greater 
occurs at about rord 10 in the window for the first cnanuel. The 
higher channels will occur somewhat later in the •■Jindow. 

The 40 word window corresponds to 0.4 ms. Since the leading edge 
of the caxlbration wedge is spread in time for thj different" chan- 
nels, the leading edge must remain stable to about plus or minus 
0.10 ms for the duration of the data set (about 40 seconds in the 
worst case). 

3} Slope determination. The FETH routine co11<cm:cs 30 scans of cal wedge 
for all channels. It then computes the average slope of the leading 
edge for each channel. FETH determines the slope between the first 
two words on the leading edge of each scan which have signal l.^vel 
values equal to 2S QL or gt eater, and averages these 30 numbers for 
each channel. 

4) Calibration wedge data collection. The subroutine DACOL then col- 
lects 100 scans worth of data for each channel. In addition to 

20 words of video data, 40 words of calibration wedge leading edge 
and 558 words of trailing edge data are collected. Ultimately, 

20 words of data from the calibration wedge are selected out of Che 
trailing edge and ussd for data reduction. 

5) Determining zero crossing. The first word on the leading edge "7ith 
a signal level value equal to 28 QL or greater is found. Usl. ig the 
average slope determined above, the slope from the threshold value 
just found Is. projected jack to the zero quanta line. The word 
position found is used for determining the 20 data words to be 
selected. 

6) Selecting data values. For example, i.a the Iw gain mode for band I, 
the first calibration wedge data value is the sample at the zero 
crossing plus 256 words. Every ewenty-eighth word Is also taken 
until the last sample at the zero crossing pirns 788 vords. The fol- 
lowing chart gives the first sample, last sas^le, and delta between 
samples for each band for Itigb and low g. 'n. These values were 
selectea to maximize the number of samples bitsreen quantiim levels 4 
and 59 (not saturated) for each channel. The final constants selec- 
ted were a compromise to accommodate the different output.” of the 
two (System A, System B) calibration lamps. 


Gain 

Band 

Words From Zero Crossing | 

First Sample 

Last Sample 

Increment Between Samples 

Low 

1 

256 

788 

28 


2 

360 

788 

22 


3 

360 

778 

22 


4 

330 

786 

24 

High 

1 

460 

878 

22 


2 

580 

960 

20 
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A. RADIOMETRIC CALIBRATION TEST HISTORY 


The history of the radiometric calibrations performed during MSS-D Flight 
Model (F-1) testing Is given In Table I-A-1. The calibration test number in 
the left-hand column is used In the plots which follow to Identify the date, 
location, and special test configurations or conditions for the tests 
performed.! > 

) I 

It wip. Se noted fn examining the plots of radiance values at each wedge 
word that there Is a significant difference between System A and System B. The 
radiance output from the calibration lamp In System A Is 15 to 20 percSnt 
higher than that for System B. This disparity In lamp radlart output was 
observed during the first attempt to perform a radiotaetric calibration. It 
necessitated careful selection of the nominal wedge words to ensure that a 
suitable set of radiance values would be available for each system without 
having to Ichange the word collect locations as a function of system configura- 
tion (i.e.J, A or B) . Thus, System A often is in saturation for the first few 
words of the wedge when system B is not. Moreover, System B on occasion shows 
values of jimax (percent) in excess of 100 percent, which reflects the disparity 
between A land B, since at those values of radiance System A is in saturation. 


TABLE |-4-1. SYSTEM RADIOMETRIC CALIBRATION SUMMARY 


Calibiatior 

Test 

Number 

r 

Date of 
Calibration 

j 

I 

! Location 

Oescription/Summary 

1 


29 Jul 81 

1 ES. Bldg S3 Area SI 

I 

i 

First radiometric calibration performed on flight 
model (F-1! 

2 


18 Aug 81 

\ ES, Bldg S3 Area SI 

i 

Radiometric calibration done after 1 ) acoustic test, 
2) replacing capacitors on boards A1A3 and A1 A^ 

3 


28 Aug 81 

i ES, Bldg S3 Area SI 

i 

Posi-EMI and post-vibration radiometric calibration 
pre-thermal vacuum radiometric calibration 

4 


22 Sep 81 

1 ES, B'1gS3 AreaSI 

Post-thermal vacuum raKjiometric calibration 

R 


1 Oct 81 

j ES, Bldg S3 Area SI 

- 

First radiometric calibration after replacement of 
flex pivots 

6 


9 Oct 81 

ES, Bldg S3 Area SI 

Radiometric calibration done after penalty acoustic test 


i 


1 

LACE BLANK HOT, EILAOSET 
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It will be noticed as well that le eighth word of the wedges is nQt 
located at a value consnensurate with the near exponential decay of the wedge. 
This is due to a hole (discontinuity) in the wedges and is evident in all of 
the wedges in varying degrees. It is particularly evident in System B, Band 4, 
where the radiance values for the eighth and ninth words actually overlap. 

While this feature of the wedge is tmdesirable, the presence of the "hole” 
in the neutral density filter, or corresponding "bump" in the generated nominal 
calibration wedges shown does not affect the utility of these wedges for com- 
puting gain and offset as long as the effect is stable (repeatable) . This 
would appear to be indicated by the plots. ' 

The remainder of this section provides computer plots of the calibration 
history for all 24 channels, ert each of the 20 words in the channel, for each 
of the different modes and system configurations. The plots are arranged with 
System A and System B configurations for each channel on facing pages. Low 
gain mode performance is presented first for all 24 channels, followed by high 
gain modes for the first 12 channels. In each case, plots for Systems A and B 
are presented on facing pages. 

For convenience of plotting, the plots are all mraalized to radiance 
in percentage of HMAX* '^ere rjMAX fs the specification value of the maximum 
bright scene radiance given in Table 1-2-3. Tliese values are the following: 


Band 

1 - 

2.48 

(mW 

-2 

cm 

ster”^) 

Band 

2 - 

2.00 

(raw 

—2 

cm 

ster ^) 

Band 

3 - 

1.76 

(raw 

-2 

cm 

ster ^) 

Band 

4 - 

4.60 

(mW 

-2 

era 

ster ^) 
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5. MSS-D CALIBRATION WEDGES, FINAL CALIBRATION 


The final radiometric calibration of the MSS-D Flight Model (F-1) system 
was performed at Hughes Aircraft Company on 9 October 1981 at the completion 
of the penalty acoustic test. 

The calibration wedges obtained during this calibration test with the 
30 inch integrating sphere are presented in this section for all 24 channels 
of the MSS-D protoflight system, for each of its different modes (low gain, 
high gain) and system configurations (System A, System B). The plots present 
the radiance values of the internal calibration system at each of the 20 words 
of the calibration wedge. These radiance values are presented in terms of the 
maximum bright scene radiance, given by the System Specification. These 

values of Hmax follows: 
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2.48 raw 
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ster~^ 
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cm 
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4.60 mW 
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-1 
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4 

m 

cm 

ster 


As discussed in Section 3 these radiance values at the 20 selected words 
along the trailing ends of the calibration wedge are the cal wedge 
nominals used for subsequent gain and offset estimation during system test. 
These values are the basic data describing the internal calibration system. 

The 20 words are chosen in the manner described in Section 3.3, and are 
referenced to the zero crossing of the leading edge of the wedge as given in 
the chart below. 

Words From Zero Crossing 

First Sample Last Sample 

256 788 

360 778 

360 778 

330 /86 

460 878 

580 960 
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These "pr!ofHs" yi^s. of the cal wedge show clearly the "bump” In the_ . 
wedge caused by the hole in the neutral density filter wedge. ’It is barely .. 
visible in Band 1, occurring at about the ninth or tenth word of the wedge . 

In Band 2 it is more evident, occurring at the eighth. Word. In Band ,3 it is 
more pronounced in the System B wedges, again at the eie,*’th word. Band 4 
shows the most pronounced discontinuity in the slope of the "exponential" cal 
wedge, at word 9, with System B being more abrupt than System A, but b'*th sys- 
tems exhibiting a significant effect. These plots demonstrate more clearly 
the feature observed in the history plots of the previous section where the 
values for words 8 and 9 in Band 4 were nearly overlapping (especially in 
System B) . | 

It should be noticed from the plots that System A is always more saturated 
(QL > 59) than System B; the rad.'lance values at corresponding word numbers are 
higher in System A than lii System B. This is the result of the difference 
between the calibration lamp radiant outputs for Systems A and B as observed 
earlier. j 

1 

Neither of the two characteristics mentioned above (l.e., the "bump" in 
the cal wedge; and the disparity between System A and System B cal lamp outputs) 
need have any appreciable effect on the utility of the internal calibration 
system provided that the calibration is stable and gives repeatable values at 
the selected wedge words.; This type of performance is not ideal, of course. 

It provides ntore of a nuisance in the selection of appropriate nominal wedge 
word sample |ocations tha^n it does any impact on system performance. 

For convenience and accuracy in determining the values of used to 

plot the "cal wedges," a , set of tables is provided at the end of this section. 
It should be [noted that the processing routine only accepts values (in QL) 
between 4 and 39. The zeros which appear in some of the tables Indicate that 
Che wedge exceeded QL > 3^ at these words. 
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Channel 




7 j 

8 

9 


10 

11 

12 

1 

104.98 i 

102.72 

98.76 


98.29 

93.10 

94.60 

2 

93.02 1 

91.01 

87.51 


87.08 

82.49 

83.82 

3 

82.42 i 

80.64 

77.54 


77.16 

73.09 

74.27 

4 

74.50 i 

72.89 

70.08 


69.75 

66.06 

67.13 

5 

66.17 ! 

64.74 

62.25 


61.95 

58.68 

59.63 

6 

59.05 > 

57.78 

55.55 


55.29 

52.37 

53.22 

7 

53.10 

51.95 

49.95 


49.71 

47.09 

47.85 

8 

49.27 1 

48.21 

46.35 


46.13 

43.69 

44.40 

9 

41.83 1 

40.93 

39.35 


39.16 

37.09 

37.69 

10 

37.51 1 

36.70 

35.29 


35.12 

33.27 

33.80 

n 

33.56 ! 

32.83 

31.57 


31.42 

29.76 

30.24 

12 

29.35 i 

29.21 

28.08 


27.95 

26.47 

26.90 

13 

27.22 1 

26.63 

25.60 


25.48 

24.14 

24.53 

14 

24.27 1 

23.75 

22.84 


22.73 

21.53 

21.88 

15 

21.96 i 

21.43 

20.66 


20.56 

19.47 

19.79 

16 

19.65 1 

19.23 

10.49 


18.40 

17.43 

17.71 

17 

17.50 1 

17.12 

16.46 


16.38 

15.51 

15.77 

18 

15.65 I 

15.32 

14.73 


14.65 

13.89 

14.11 

19 

14.07 1 

13.76 

13.23 


13.17 

12.47 

12.60 

20 

12.47 

12.20 

11.73 


11.67 

11.05 

11.23 
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Band 

3 

System B 

Lov/ 

Gain 

Word i 
* 

13 

14 

Radiance {% of Eta 
Channel 
15 16 

-max) 

17 

18 

1 

2 

92.52 

91.43 

89.37 

86.35 

89.02 

88.03 

3 

82.24 

81.27 

79.45 

76.76 

79.13 

78.25 

4 

73.09 

72.22 

70.60 

68.22 

70.32 

69.54 

5 

65.06 

64.29 

62.85 

60.72 

62.60 

61.90 

6 

57.86 

57.18 

55.90 

54.01 

55.67 

55.05 

7 

51.40 

50.80 

49.65 

47.97 

49.45 

48.90 

8 

48.06 

47.49 

46.43 

44.86 

46.24 

45.73 

3 

41.23 

40.74 

39.83 

38.48 

39.67 

39.23 

10 

36.97 

36.53 

35.71 

34.51 

35.57 

35.18 

11 

32.90 

32.59 

31. 8C 

30.78 

31.73 

31.37 

12 

29.56 

29.21 

28.56 

27.59 

28.44 

28.12 

13 

26.95 

26.63 

26.03 

25.15 

25.93 

25.64 

14 

24.22 

23.93 

23.39 

22.60 

23.30 

23.04 

15 

21.84 

21.58 

21.10 

20.38 

21.01 

20.78 

16 

19.70 

19.47 

19.03 

18.39 

18.96 

18.75 

17 

17.73 

17.52 

17.12 

16.55 

17.06 

16.87 

18 

15.86 

15.67 

15.32 

14.80 

15.26 

15.09 

19 

14.30 

14.13 

13.81 

13.35 

13.76 

13.60 

20 

12.98 

12.83 

12.54 

12.11 

12.49 

12,35 



Band 

4 

System B 

Low 

Gain 




Radiance 

of Eta 

-max) 


Word # 



Channel 




19 

20 

21 

22 

23 

24 

1 

83.93 

95.63 

88.24 

95.28 

94.52 

86.52 

2 

72.90 

83.05 

76.64 

82.76 

82.09 

75.15 

3 

63.39 

72.22 

66.65 

71.96 

71.39 

65.35 

4 

55.46 

63.10 

58.31 

62.96 

62.45 

57.17 

5 

47.95 

54.63 

50.42 

54.44 

54.00 

49.43 

6 

42.60 

48.53 

44.78 

40.36 

47.97 

43.91 

7 

37.52 

42.75 

39.45 

42.59 

42.25 

38.63 

8 

32.08 

36.55 

33.73 

36.42 

36.13 

33.07 

9 

31.81 

36.24 

33.44 

36.11 

35,82 

32.79 

10 

26.23 

29.88 

27.57 

29.77 

29.53 

27.04 

11 

23.33 

26.53 

24.53 

26 . 48 

26.27 

24.05 

12 

20.78 

23.67 

21.85 

23.59 

23.40 

21.42 

13 

18.64 

21.23 

19.59 

21.16 

20.99 

19.21 

14 

16.85 

19.19 

17.71 

19.12 

18.97 

17.37 

15 

15.17 

17.29 

15.95 

17.23 

17.09 

15.64 

16 

13.81 

15.73 

14.52 

15. .'■.S 

15.55 

14.24 

17 

12.60 

14.36 

13.25 

14.31 

14.19 

12.99 

18 

11.36 

12.94 

11.94 

12.90 

12.79 

11.71 

19 

10.21 

11.63 

10.73 

11.59 

11.49 

10.52 

20 

9.26 

10.55 

9.73 

10.51 

10.42 

9.54 
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Band 1 System 3 High Gain 

i 

Radiance (% of Eta -max) 

Word # Channel 



1 

2 

3 

4 

5 

6 

1 

35.13 

34.12 

33.41 

31.54 

31.47 

31.97 

2 

31.58 

30.67 

.30.04 

28.36 

28.29 

28.74 

3 

28.28 

27.47 

26.90 

25.40 

25.34 

25.74 

4 

25.20 

24.48 

23.97 

22.63 

22.58 

22.94 

5 

22.55 

21.90 

21.45 

20.25 

20*20 

20.52 

6 

20.13 

19.56 

19.15 

18.08 

18.04 

18.32 

7 

18.08 

17.57 

17.21 

16.24 

16.21 

16.46 

8 

16.21 

15.75 

15.42 

14.56 

14.53 

14.76 

9 

14.56 

14.15 

13.85 

13.08 

13.05 

13.26 

10 

13.15 

12.77 

12.51 

11.81 

11.78 

11.97 

11 

11.73 

11.39 

11.16 

10.53 

10.51 

10.67 

12 

10.50 

10.20 

9.99 

9.43 

9.41 

9.56 

13 

9.44 

9.17 

8.98 

8.48 

8.46 

8.59 

14 

8.35 

8.10 

7.94 

7.50 

7.48 

7.60 

15 

7.37 

7.16 

7.01 

6.62 

6.60 

6.71 

16 

6.48 

6.29 

6.16 

5.81 

5.80 

5.90 

17 

5.74 

5.58 

5.46 

5.16 

5.15 

5.23 

18 

4.93 

4.79 

4.69 

4.43 

4.42 

4.49 

19 

4.35 

4.22 

4.13 

3.90 

3.89 

3.96 

20 

3.69 

3.59 

3.52 

3.32 

3.31 

3.36 


Band 2 


System B 


High Gain 





Radiance (% 

of Eta- 

-max) 


Word # 



Channel 




7 

8 

9 

10 

11 

12 

1 

34.53 

33.38 

31.72 

31.64 

30.56 

30.60 

2 

31.20 

30.17 

28.66 

28.59 

27.62 

27.65 

3 

28.49 

27.54 

26.17 

26.11 

25.22 

25.25 

4 

25.79 

24.93 

23.69 

23.63 

22.03 

22.85 

5 

23.55 

22.77 

21.64 

21.59 

20.85 

20.87 

6 

21.27 

20.57 

19.54 

19.49 

18.83 

13.85 

7 

19.36 

18.72 

17.79 

17.74 

17.14 

^7.16 

8 

17.48 

16.90 

16.06 

16.02 

15.47 

15.49 

9 

15.80 

15.27 

14.51 

14.48 

13.98 

14.00 

10 

14.19 

13.72 

13.04 

13.01 

12.56 

12.53 

11 

12.74 

12.32 

11.70 

11.67 

11.27 

11.29 

12 

11.36 

10.98 

10.44 

10.41 

10.06 

10.07 

13 

10.16 

9.82 

9.33 

9.31 

8.99 

9.00 

14 

8.99 

8.69 

8.26 

8.24 

7.96 

7.97 

15 

7.99 

7.73 

7.34 

7.33 

7.08 

7.08 

16 

7.02 

6.79 

6.45 

6.43 

6.21 

6.22 

17 

6.09 

5.89 

5.59 

5.58 

5.39 

5.39 

18 

5.00 

4.34 

4.60 

4.59 

4,43 

A. 43 

19 

3.98 

3. 84 

3.85 

3.54 

3.52 

3.52 

20 

3.77 

3.64 

3.46 

3.45 

3.33 

3.34 
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6. SYSTEM RELATIVE SPECTRAL RESPONSE 

I 


i 

! 

The system relative spectral response (RSR) for all 24 channels of MSS-D 
F-1 has been measured using a grating monochromator. This Instrument was set 
up and uded as described In Procedure 16889, Relative Spectral Response. The 
calibration of the reference silicon photodiode used to monitor the output of > 
the monochromator is described In HS248 — 6283, 1 May 1980. The relative 
spectral | response cuwes obtained are shown In the figures which follow In 
this section. I 

I ! 

The final system relative spectral response measurement was performed on 
10 June 1981. The data presented are the results of that test and represent 
the present description of the relative spectral response of the complete sys- 
tem, which Is the composite of the spectral response of the scan mirror, 
primary and secondary telescope mirrors, fiber optics, transfer and relay 
lenses, optical filters and detectors. 

In the monochromator, dispersion Is accomplished by means of a plane 
diffraction grating equipped with a sine bar motion, A counter on the drive 
screw reads wavelength directly in nanometers. With the monochromator set on 
zero order, the entrance and exit silts were adjusted to where white light 
from the| source lamplwas visible at the termination of Che fiber bundle 
between (counter readings of 99998 (-00002) and 00002. ' Therefore 4 nra is the 
approxln^te range in' wavelength of the light transmitted by the monochromator 
at any particular wavelength setting. 

i 

Two checks on error were made. Repeat measurements of channels were 
made and compared with Che original measurements. A second check was to place 
a calibrated silicon photodiode, SBRC 801338(B) at the output of the 
monochromator fiber bundle and measure its relative spectral response in the 
same way as had been done for the MSS. The resultant curve was then compared 
with thit supplied l^y Optronic Labs, for this detector. 

I ! 

The following ; are the complete RSR data for MSS-D F-1 scanner with the 
spare fiber plate (F/N 51687, S/N 301D) as its transfer optics assembly. Dur- 
ing thel initial measurement it was discovered that channels A's and F's of all 
bands ware showing significant nonrepeatability. This was due Co a marginal 
fillingj of detector ■ arrays by the filament image coming out of the mono- 
chrometfer giving erratic S/N data. This was corrected by rotating the mono- 
chromatbr fiber bundle 90° so that the filament’s longer dimension completely 
overfilled all 24 channels. After that the repeatability of data was 
excellent . j 


[ 
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7. OPTICAL TRANSMISSION FILTER CHARACTERISTICS 


A major constituent of the system relative spectral response presented 
in Section 6 is the relative spectral responses of the optical transmission 
filters. The importance of these filter characteristics was recognized and 
a detailed specification was developed at the unit level for these components 
For ease of reference the specification on these filters is given below from 
the MSS-D System Specification, SS32238-10 (Rev B), 8 June 1981. 

3.1.1.1.12 Optical Filter Characteristics . 

3.1.1.1.12.1 Absolute Transmission . Absolute transmission for each 
band shall be 70 percent minimum at the peak of the spectral response 
characteristics. 

« 

3.1.1.1.12.2 Spectral Flatness . Spectral flatness shall be maintained 
td +5 percent over the central 70 percent bandwidth region for bands 

1, 3, and 4; it shall be +7.5 percent for band 2. 

3.1.1.1.12.3 Half Power Points. The half power transmission points 
(50 percent of peak transmission) shall be within ;H).01 pm of the 
spectral end point (band edge) designated in 3.1. 1^1.1. 

3.1.1.1.12.4 Band Edge Slope. The wavelength between 5 percent 
absolute and 50 percent of peak transmission shall be less than 0.02 um 
on the short wave side for Bands 1 to 3, and on the long wave side, 

0.04 pm for Band 1, 0.045 pra for Band 2, and 0.05 pm for Band 3. Band 
4 shall be 0.035 pm on the short wave side and will have no slope 
requirements for the long wave side. 

3.1.1.1.12.5 Spurious Response . Response outside the 5 percent points 
shall not exceed 5 percent of the in-band spectral response for a solar 
equivalent input over the wavelength interval from 0.4 to 0.8 pm. 

The engineering data taken during the measurement of these filters is 
given in this section. The values handwritten on the plots are readings 
required to determine that the filters meet the unit specifications. The 
serial numbers written in Che annotation boxes were assigned control numbers 
for each filter. During unit level assembly of the MSS-D F-1 scanner the 
asslgiment of these filters to the various channels was as shown in 
Table 1-7-1. 
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TABLE 1-7-1. F-1 BANDPASS FILTER 
ASSIGNMENT (SBRC P/N 43918-1 
THROUGH 43918-4) 




A comparison of the specification values given on the previous page with 
the recorded values on the graphs that follow is given in Table 1-7-2, As 
seen, the filters are within specification for all filter characteristics. 
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1. INTRODUCTION 


The MSS-D scanner must bi. mounted on the Landsat spacecraft with the 
Instrument line of sight accurately oriented with respect to a reference coor- 
dinate system within the spacecraxt. To facilitate the installation the. 
instrument on the spacecraft Hughes Aircraft Company provides a miri' ed ref- 
erence cube mounted on the MSS-D scanner, a drill fixture for drilling instru- 
ment mounting holes with its associated reference cube, and the data which 
establish the angular relationships among the coordinate frames associated with 
these cubes and the MSS-D line of sight (LOS) . 

These data and a summary description of the method of measurement are the 
subject of this document. Detailed descriptions of the alignment orocedures 
used are given in HS 248 MSS System Alignment Procedure 3617000-1 ^ (SBRC 
Procedure 16890) . 


1.1 ANGLE CONVENTION 

The relative orientation of one orthogonal coordinate system with respect 
to a second orthogonal coordinate system can be described^ by the group of three 
rigid rotations of one system about each of its coordinate axes which will align 
these axes with those corresponding in the second system. If the rotation 
angles are small, as is the case for the data presented here, the result is 
independent of the order in which the rotation operations are performed. 

Let X, Y, Z be the set of original orthogonal coordinate axes required to 
express Che angular orientation of a second set of orthogonal axes, X', Y', Z' 
With respect to X, Y, Z. As illustrated in Figure 1, successive rotations 
(see Figure Il-l-la) through angles a, 8, and y about the axes X, Y, and Z 
respectively are required to align these axes with the axes X’, Y' , and Z' 

(see Figure Il-l-lb) . , 

This convention is used throughout the measurements nade for this report. 
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FIGURE n-1-1 
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2. ALIGNMENT TEST CONFIGURATION 


The test configuration used for the alignment angle measurements is 
Illustrated in Figure II-2-1. It consists of a theodolite, its azimuth ref- 
erence mirror (RM) , and an alignment fixture mounted on a rotary table which 
is mounted on a tangent plate. 


2.1 THEODOLITE AND REFERENCE MIRROR 

The theodolite is set up with its azimuth axis vertical. The azimuth 
axis is vertical when the reading of a level on the theodolite does not change 
as the theodolite is rotated in azimuth. 

A reference azimuth is established by autocollimatlon from a rigidly 
mounted RM. In addition to its use as an azimuth coordinate reference the RM 
provides a reference azimuth during movement of the theodolite. 

It is not possible to autocollimate from both the target mirror (TM) and 
the alignment cube from the same theodolite position. The theodolite can be ' 
moved to where autocollimatlon from the alignment cube is possible provided 
that the following procedure is followed: 

1) Move the RM and theodolite alternately in steps short enough so that 
azimuth reference is never lost. 

2) Re-level theodolite after the mo'^e. 

The theodolite and Rli < jtablish a set of coordinate axes in which the 
orientation angles of the various coordinate reference systems can be mea- 
sured and con^ared. 

The scale convention for the theodolite was the following: 

Azimuth; 0 to 360°; magnetic compass convention 
Elevation: 0 to 360°; horizontal at 0° and 180°, 

zenith at 90° 
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A "reverse and plunge" set of measurements was taken to provide redundant 
data as a check against error. 


2.2 ALIGNMENT FIXTURE (ANGLE PLATE) 

The alignment fixture is a mounting bracket which provides a rigid struc- 
ture on which the scanner and, separately, the drill fixture are mounted for 
orientation measurements. 

A TM attached to the alignment fixture lies in the scanner mounting sur- 
face (SMS) of that fixture. This mirror is used to establish the orientation 
of the normal to the SMS. The SMS also contains a pair of pins (pins A and B) 
used to establish orientation in the plane of the SMS (i.e., orientation in 
"y"). Measurement of the deviation of tne normal to the TM from the normal to 
the SlIS is made by the use of a separate mirror temporarily placed on the 
mounting surface for that purpose. 

The alignment fixture (angle plate) is mounted on a rotary table used in 
the initial alignment setup. This rotary table is supported by the tangent 
plate which is equipped with leveling screws used to set up the initial orienta- 
tion of Che angle plate. A reference level indicator consisting of two spirit 
levels mounted at right angles monitors angular deflections of the angle plate 
during mounting of the scanner. 
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2.3 SCANNER MOUNTING SURFACE ORIENTATION MEASUREMENT 

I : " " ' 

The normal to the ;TM and the line through pins A and B (in the SMS) form 
an orthogonal coordinate reference System the orientation of which can be 
established in the system defined by the level theodolite and RM. 

i t 

! 1 

The theodolite, RM, and the alignment fixture are set up as illustrated 
in Figure II-2-1, so that the theodolite telescope LOS is directed toward the 
TM and is very nearly parallel to the normal and the TM as determined by auto- 
collimatioii. The leveling screws on the tangent plate are used to set pins A 
and B at the same height. Zero points for angles a, B, and y ure determined 
with respect to the level plane of the theodolite and an orbiting reference 
azimuth as | follows: 

I j 

1) l3 measured by autocolllmatlon through the TM with the azimuth 

scale. [ . * 

2) "Bq" is measured by autocollimation through the TM with the elevation 

iicale. j 

3) '*Yo" obtained by the method Illustrated in Figure II-2-2. 

I 

Precise convention for -reading the scales are included in the alignment 
procedure. \ 


i 



FIGURE 11-2-2. MEASUREMENT OF 7q 


II-5 



OrtiGlNAL PAGE 18 
OF POOR QUALITY 


First the theodolite is used to sight on pin A. Then it is rotated 
azimuthally along the negative ”y” direction to sight on pin B, The difference 
in elevation readings is Tq. If D (in irches) is the distance from theodolite 
azimuth axis to the target mirror and the distance between the two pins is 
35.9 inches, 

is given by the following relation: 


tan 


-1 


tan r 


.M * iM 


35.9 


Yq is positive when pin B is higher than pin A. 

These measurements fora the bases for orientation measurements made on 
the drill fixture and the scanner when they are mounted, s^arately, on the 
SMS as describea in the following sections. 
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3. DRILL FIXTURE ALIGNMENT CUBE 


The drill fixture is a drill jig of the scanner mounting holes to be used 
in drilling the scanner mounting holes in the spacecraft. An alignment cube 
is affixed to the drill fixture to enable transfer of scanner LOS orientation 
during the drilling operation. Special ground pins are used to maintain align- 
ment in Y when the drill fixture is bolted to the alignment fixture. 


3.1 DRILL FIXTURE ALIGNMENT CUBE ORIENTATION 

A system of orthogonal axes is established by the noraaal to the TM and 
the line connecting pins A and B on the SMS of the alignmesit fixture (angle 
plate). The orientation of this reference frame in theodolite coordinates 
was established by the procedure described in the previous section. 

Let 6^, and y. be the angles which express the orientation of the 
drill fixture alignment cube with respect to the alignment fixture axes when 
the drill fixture is mounted on the alignment fixture (see Figure II- 3-1) . In 
the figure the drill fixture alignment cube is shown displaced and enlarged, 
but in the same orientation as when mounted on the allgnmemc fixture. 


3.2 DRILL FIXTURE ALIGNMENT CUBE ORIENTATION RESULTS 

Orientation angles for the alignment cube on MSS drill fixture HAC-2630- 
2A649-2/2 have been measured with the drill fixture mountesfi on the same align- 
ment fixture on which the MSS-D protoflight instrument has been mounted for 
the alignment measurements to be described subs''quently. 

The results of the measurements of drill fixture allpnnent orientation 
made on 10 March 1981 have been revised using data taken alt General Electric 
on 16 June 1981. These values are considered to be more a«iiable because of 
their repeatability than those originally reported in the FF version of this 
handbook. These values are: 

or^ - -0° 2' 26" 

- -0° 4' 51" 

Y. » --0° 8' 06" 

a 
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4. MSS-D SCANNER ALIGNMENT 


The objective of the scanner alignment procedure described herein and the 
measurement data which result la to establish to within + 0.03° the angular 
orientation of the scanner LOS with respect to the SMS and to measure, also to 
within +0.03°, the angular orientation of the scanner alignment with respect 
to the MSS center scan LOS. It is necessary also to verify that the scanner 
LOS is perpendicular to the SMS to within 0.25°, 


4.1 SCANNER LINE OF SIGHT 


The scanner LOS orientation is defined by means of the orthogonal coor- 
dinate system formed by the instrument scan plane and the plane orthogonal to 
it which contains the center scan LOS. The center scan LOS is defined by the 
position of the scan mirror with its center lock engaged. The scan plane is 
defined by the plane which contains the center scan direction and the two 
end scan directions. 

The scan monitor was adjusted to mark center scan as the scan mirror 
rotates through the locked position (see SBRC Procedure 19050, Sections 3. 5.6.1 
and 3. 5. 5. 3). When the center lock was removed, the center scan LOS was recon- 
structed from measurements made with the scan mirror turned against each of 
its limit stops and from results of initial measurements made with the lock in 
place. 


Two types of orientation (alignment) measurements were made using the 
scanner LOS coordinate system. The first relates the scanner LOS to the align- 
ment fixture reference frame and the second relates the scanner alignment cube 
tb the scanner LOS reference frame. 

The scanner LOS is established by theodolite sightings made on the center 
of the scanner focal plane fiber optics assembly. Figure II-4-1 illustrates 
the sighting method. The insert depicts the appearance of the MSS-D focal 
plane assembly and theodolite telescope reticle when the telescope is sighted 
on the center of the assembly. Note that there is no centrally located 
channel. 
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Since i the scanner is focused at Infinity, the theodolite telescope is 
also focused at Infinity, as is the case when it is used for autocollimation 
n»asurement3 for alignment cube orientation. 

t i 

4.2 SCANNER LDJE OF SIGHT ORIENTATION RELATIVE TO SCANNER MOUNTING SURFACE 

) 

The orientation of the I6S-D scanner LOS relative to the SMS is measured 
in a manner analogous to the measurement of the drill fixture alignment cube 
orientation with respect to the SMS orientation. 

I 1 

Initially the orientation of the SMS is established using the TM and the 
line connecting pins A and B. Then the scanner is bolted to the scanner mount- 
ing plate. 1 ! 

I ! 

When the scanner is mounted on the angle plate, angles a , B , and y 
describe the orientation of the scanner LOS coordinate system^to Ihe systim of 
orthogonal ! axes established by the normal to the TM and the line connecting 
pins A and B on the SM^ of the angle plate. 

I , 

This relationship is Illustrated in Figure II-4-2. For clarity the MSS 
is depicted behind the SMS but in the same orientation as when it is mounted 
on the SMS; j 

1.1 
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FIGURE II-4-3. TECHNIQUE FOR MEASURING 7^ 



FIGURE 11-4-4. MEASUREMENT OF 7j^j,3g 
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4.3 SCANNER LOS MEASUREMENT TECHNIQUES 

I With the MSS-D scanner mounted on the SMS the angles a , 6 , and y ate 
tneasured in the following manner. With the scan mirror locEed at scan center 
the theodolite telescope is focused on the center of the fiber optics focal 
plane array (field stop center). The angles £% and are obtained from the 
differences between corresponding angles (a and B) measured with the theodolite 
for the MSS-D PF LOS and the TM normal. The angles for the TM normal must be 
measured prior to motmting the scanner on the angle plate. 

The method of measuring y Is Illustrated in Figure II-4-3. As the figure 
indicates, measurement of y involves not only focusing on the array center 
when the scan mirror is in Ihe center scan lock position, but also measuring 
the altitude and azimuth of the array center when the scan mirror is against 
the scan bumper at each end of scan. Figure H-4-3 shows these cases as seen 
from above. CCW is the case when the scan mirror is fully counterclockwise ' 
against the bumper, and CW is the case when the scan mirror is fully clockwise 
against the opposite bumper. Figure 11-4-4 illustrates the relationship of 
the measured angles for the purposes of establishing the value of ‘Ye, the 
orientation of the scan plane. 

In Figure II-4-4, Yf^ss designates the orientation of the scan plane 
relative to theodolite coordinates and not with respect to the SMS. If the 
superscript "T" represents a theodolite scale reading, then the angles 
indicated can be defined in the following manner: 


1) 

t 

F _ 
MSS 



2) 

II 

F ^ 

MSS 



3) 

F - 

MSS 


- 43'“’ 


where CCW, CS, and CW designate measurements made when at the counter clockwise, 
center scan, and clockwise' positions respectively. 

I II 

r s» ^MSS ^MSS each individual measurements of differential 
elevation used to compute Ywco from the following relation for r' and similar 
relationships for r" and T: 

sin 7.5° X sin Y^g = ±sin 


If the angles F^gg and Ymcc small, sin F^^^ « F^^^ and sin y 


'MSS 


MSS 


MSS 


*’mss “ %ss 


then 


Y as -4- 

^MSS - 


MSS 

sin 7.5° 
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The vaj.ue of Yj^g used is that gotten from taking the mean of the three 
estimates, Wnen referred to the SiE becomes y through the 

relationship^^ ■ ^ 


“ TmSS 


4.4 SCANNER IaLIGNMENT CUBE ORIENTATION RELATIVE TO SCANNER LINE OF SIGHT 


An allgiiment cube is: mounted on the MSS-D scanner to serve as a reference 
for alignment of the scanner on the spacecraft. This measurement provides the 
information that gives the angular orientation of the orthogonal coordinates 
associated with the cube ^th respect to the orthogonal reference defined by 
the MSS-0 scan plane and the center scan LOS, as described in the previous 
sections. | | 

I ^ 

Measure^ients by autocolllmation through the cube are perfonned in a 
manner identical with that done for the drill fixture alignment cube, but are 
referred to the measurements of the scanner LOS (described in the previous 
section) ratlier than to the SMS orientation 
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Since it is not possible with the theodolite telescope to sight on the focal 
plane fiber array termination and autocollimator through the scanner alignment 
cube from the same location, the theodolite must be moved after the coordinates 
of the scanner LOS have been established, Tliis can be done without serious 
degradation in measurement accuracy as long as the caveats of Section 2 (i.e., 
re-leveling and maintaining reference) are observed. 

®AC ^AC derived from the theodolite azimuth and elevation readings 
of the scanner alignment cube for the surface that faces in about the same 
direction as the MSS scan center LOS. To obtain a measurement of Yac» ^he 
theodolite is moved to view and autocollimate on the alignment cube at the 
scan mirror end of the MSS. 

am> ^m> and yjq are the angles which the cube axes make with the scanner 
LOS as illustrated in Figure II-4-5. They are obtained by subtracting out 
corresponding angles for the LOS. 


4.5 MSS-D SCANNER ALIGNMENT RESULTS 

A time history of the results of the measurements of (a^, Bg, Yg) and 
(am, Bm, Ym) are given in Table II-4-1. The dates on which the measurements 
were made are given at the top of each column. Comments on any special condi- 
tion which may be significant to the measurement results are listed at the 
bottom. ■ 

As is evident from the closeness and repeatability of the measured values 
the alignment more than meets the specification for accuracies to within 0.03°, 

The requirement for orthogonality of the scanner LOS to the mounting sur- 
face of less than 0.25° is given byt 

/a? + B^ < 0.25° 

V C G 


4.5.1 Summary of Angle Definitions 

For ease of reference to the numbers in Table II-4-1 the following list of 

Summary Definitions is provided, 

(a , B , Y ) 4 orientation of the scanner alignment cube with respect to 

™ orthogonal axes established by the scanner LOS (at scan center) 

and the scan plane of the LOS. 

(a , B , Y ) 4 orientation of the scanner LOS to the orthogonal axes 
^ ^ established by the normal to the TM and the direction con- 

verting pins A and B on the mounting surface (angle plate) . 

(a., Bj, Y^) 4 orientation of the drill fixture alignment cube with respect 

to orthogonal axes established by the normal to the TM and 
the lines connecting pins A and B on the SMS. 
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TABLE 11-4-1. MSS-D (F-1) ALIGNMENT HISTORY 


Performance Requirement 

• Line-of-sight perpendicular to mounting nnioO « 

surface, .<0.25° 


e Line-of-si^t pointing measurement (Probable error) £0.03° 

0 . 01 ° 


1 

■■ ■■ 

Preacoustic 

Post- 

Acoustic 

Post- 

Vibration 


Post-TV 

Post- 

Penalty 

Acoustic 

■ 

7/22/81 

8/18/81 

8/28/81 

1 

(Q 

9/30/81 

10/8/81 


-0° 0'51" 

-0° 0'38" 

-0° 0'58" 

4A 

0° 0'26" 

0° 0'44" 


-0° O' 31' 

-0° 0'34" 

-0° 0'44" 

o 

> 

£ 


^jO o'20" 


qO o«27" 

0° 0'28" 

-0° 0'14" 

X 

ja> 

u. 


0° 0'18" 

m 

0° 1'S4" 

0° 1'51" 

0° 1'41" 

s 

-0° 0' 4" 

-0° 0' 14" 

Pm 

0° 2' 14" 

0° 2' 0" 

0° 1'34" 


qO 2*27" 

0° 1*59" 

Ym 

0“ 12' 50" 

0° 12' 50" 

0° 12' 40" 


0°12' 0" 

0° 11' 55" 
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